Background. Current symptom screening algorithms for intensified tuberculosis case finding or prior to isoniazid preventive therapy (IPT) in patients infected with human immunodeficiency virus (HIV) were derived from antiretroviral-naive cohorts. There is a need to validate screening algorithms in patients on antiretroviral therapy (ART).
Organization's (WHO) "three I's" intervention strategy to reduce the morbidity and mortality from HIVassociated tuberculosis [5, 6] . WHO recommends screening for tuberculosis "at every visit to a health facility or contact with a health worker." Ruling out tuberculosis by intensified case finding is particularly important prior to initiation of IPT in order to offset the risk of isoniazid resistance.
In an attempt to standardize tuberculosis screening for HIV-infected individuals living in resource-constrained settings, the WHO undertook a meta-analysis of individual patient data from studies conducted in high-burden countries to find the most sensitive screening strategy [1, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The presence of any one of current cough, fever, night sweats, or weight loss had a high negative predictive value and this symptom screening algorithm is now recommended for intensified case finding. It is not known how ART will modify the diagnostic performance of the WHO symptom screening algorithm, as none of the cohorts analyzed to develop the algorithm included patients on ART. This is important as IPT is recommended for individuals on ART in the 2010 WHO guidelines, mostly on the basis of observational data.
Countries most affected by HIV are rapidly scaling up ART, with the WHO guidelines recommending earlier ART initiation. Because most HIV-related resources are being used for ART clinics, pre-ART care is often rudimentary in highburden countries. Implementing a complex intervention like IPT may be easier in ART clinics. Therefore, it is important to evaluate tuberculosis screening algorithms in individuals on ART.
To investigate the effect of ART on the diagnostic utility of symptom screening to rule out tuberculosis, we compared HIV-infected participants established on ART and those being prepared for ART who underwent intensified case finding for tuberculosis during evaluation for IPT.
METHODS

Study Setting and Participants
The study was conducted at the Ubuntu Clinic in Khayelitsha Site B, Cape Town, South Africa. Ubuntu clinic is an integrated HIV outpatient facility that provides ART. At the time of the study the criterion for starting ART was CD4 count <200 cells/μL or WHO clinical stage 4. Participants attending the clinic are seen every two weeks to monthly during ART preparation, if pre-ART, and then monthly to once every two months for collection of ART medication, if already on ART. Routine assessments at each visit include evaluation for tuberculosis symptoms by the attending clinician, nurse, or lay counselor. For this study, consecutive participants undergoing additional screening for an ongoing pragmatic randomized controlled trial to determine the effectiveness of the combination of IPT and ART to reduce the risk of active tuberculosis in HIV-infected persons (clinical trials registration NCT00463086) were invited to participate. The University of Cape Town research ethics committee approved the trial and its screening phase (REC 013/2007). Written informed consent was provided. The annual tuberculosis case notification rate in the area during the study was approximately 1500 per 100 000 population.
Clinical Assessments and Tuberculosis Case Definitions
Participants established on ART (on-ART group) and those being prepared for ART ( pre-ART group) were screened for tuberculosis symptoms. Screening occurred between November 2007 and October 2009. The tuberculosis symptom screen at the baseline visit included cough ( presence and if duration ≥2 weeks), night sweats, self-reported weight loss (or documented ≥1.5-kg weight loss in a month) [7] and fever [17] . A single sputum sample was obtained by spontaneous expectoration or, if this was unsuccessful, ultrasonic nebulization with hypertonic saline, for smear microscopy (fluorescent) and mycobacterial culture (Bactec MGIT system and LowensteinJensen medium) at the reference laboratory, Groote Schuur Hospital. Culture results were interpreted without knowledge of clinical symptoms. During the study period the reference laboratory reported no cross-contamination: none of 500 dummy sputum samples were false-positive for Mycobacterium tuberculosis (M. Nicol, oral communication, September 2012). Participants who failed to produce sputum were either asked to return the following day (with a sample) or were asked for a sample at their next ART clinic visit where nebulization would be repeated if necessary. A period of up to 1 month for sputum collection was allowed. Unless participants were identified as tuberculosis suspects, further investigations, including a second sputum and chest radiography, were not routinely performed. Participants whose sputum was culture-positive for M. tuberculosis were treated for tuberculosis, regardless of symptoms.
Statistical Analyses
All analyses were performed with Stata/MP software, version 10 (StataCorp, College Station, Texas). Basic description of baseline data and cross-tabulations by ART and tuberculosis diagnosis at screening were done.
Diagnostic Accuracy of Symptoms for Prevalent CulturePositive Tuberculosis
Within ART study groups, we computed standard test accuracy measures (sensitivity, specificity, and positive and negative predictive values) to detect prevalent tuberculosis using culture positivity as the reference standard. The discriminatory ability of individual tuberculosis symptoms was evaluated by the receiver operating characteristic area or area under the curve (AUC) of sensitivity vs 1 -specificity. Binomial exact confidence intervals were derived for all accuracy estimates.
Selection of Potential Predictors of Tuberculosis
Candidate clinical predictors were determined a priori based on clinical judgment and the published literature and they included age (dichotomized at its median); sex; body mass index (BMI) according to WHO categorization of ≤18.5 (underweight),18.6-25 (normal weight), >25 (overweight) [18] ; most recent CD4 count (no older than 6 months and categorized as <200; 200-350; or >350); ART duration ≤3 months or >3 months (if already on ART); prior episode of treated tuberculosis. The early period on ART is associated with a higher mortality mostly owing to diagnosed and undiagnosed tuberculosis [19, 20] . We retrospectively applied the WHO symptom-screening algorithm (the presence of any one of active cough of any duration, fever, night sweats, or weight loss (either self-reported or documented weight loss). Although participants at our ART clinic were reevaluated using a symptom screen during subsequent clinic visits, only results recorded at the initial screening visit were considered for analyses.
Assessment of the Added Value of Clinical Predictors to the WHO Screen
Multivariable logistic regression analysis was performed to develop diagnostic models for culture positive tuberculosis by ART strata. A model with the WHO symptom screen was first derived and its AUC computed. Then the rest of the clinical observations were added and the AUC of the extended model computed. The overall ability of the new multivariable model to discriminate M. tuberculosis culture-positive and -negative participants was assessed by conducting AUC comparisons between the WHO screen only and the extended model. Variables were kept in the final multivariate model if the associated likelihood-ratio test showed a P value of < .20.
All analyses were performed on a dataset with complete data on predetermined predictors as well as culture results, since the objective was to compare the methods rather than to report results for a particular population.
RESULTS
Participants
A total of 1429 participants, 54% on ART, were screened with a tuberculosis symptom algorithm and had sputum culture results available. Numbers invited for screening and those in the final analysis are provided in Figure 1 . Participant characteristics overall and by ART group are shown in Table 1 . Culturepositive tuberculosis was diagnosed in 126 (8.8%; 95% confidence interval [CI], 7.4%-10.4%) of the 1429 participants, including 84 of 654 pre-ART (13%; 95% CI, 10%-15.7%), and 42 of 775 on ART (5.4%; 95% CI, 3.9%-7.3%).
Frequency of Tuberculosis Symptoms or Signs in Screened Cohort by ART Status
Individual symptoms of tuberculosis were more frequently reported by pre-ART than on-ART participants, as shown in Table 2 . Including cough of any duration, as per the WHO symptom screen, rather than cough >2 weeks increased the proportion of participants positive for any tuberculosis symptom from 11.8% to 14.4%. Pre-ART participants more commonly had a positive WHO screen (23.7%) compared to those on ART (6.6%; P < .0001).
Diagnostic Utility of Symptoms for Prevalent CulturePositive Tuberculosis
The diagnostic utility of symptom screening for tuberculosis is shown in Table 3 . Symptoms had poor sensitivity for culturepositive tuberculosis, even when using the WHO screen. The sensitivity of symptom screening was higher for the pre-ART than the on-ART group. Individual symptoms with the highest sensitivity for culture-positive tuberculosis among pre-ART participants were weight loss (32.1%, 95% CI, 22.4%-43.2%), cough of any duration (31%; 95% CI, 21.3%-42%), night sweats (23.8%; 95% CI, 15.2%-34.3%), and fever. The WHO screen had a sensitivity of 47.6% (95% CI, 36.6%-58.8%) and a specificity of 79.8% (95% CI, 76.3%-83%) for pre-ART participants, whereas for those on ART the sensitivity was 23.8% (95% CI, 12.1%-39.5%) and the specificity was 94.4% (95% CI, 92.5%-96%). Multivariable analyses confirmed the effect of ART on sensitivity to be statistically significant even after controlling for CD4 + count or BMI (not shown). Using a symptom screen including cough of any duration, as in the WHO screen, rather than cough ≥2 weeks, as used more traditionally for screening for tuberculosis, increased the sensitivity for culture-positive tuberculosis by 2.4% in pre-ART participants and by 7% in those on ART. Of total culture-confirmed cases, 76.2% and 52.4% in the on-ART and pre-ART groups, respectively, would inadvertently receive IPT (1 -sensitivity). The posttest probability of culture-positive disease following a negative WHO screen (1 -negative predictive value) was 8.9% (95% CI, 7.4%-10.8%) for pre-ART and 4.4% (95% CI, 3.7%-5.2%) for those on ART. The ability of the WHO screen to discriminate those with and without tuberculosis was 64% (AUC 95% CI, 58%-69%) for the pre-ART group and 59% (AUC 95% CI, 53%-66%) for the on-ART group.
Value of Additional Predictors to the WHO Screen
In multivariable analyses, BMI and CD4 + count were independent predictors of tuberculosis in both ART groups, and ART duration of <3 months was an additional predictor among those on ART (Table 4) . Addition of BMI and CD4 + count to a predictive model with the WHO screen alone increased the AUC yield to 74% (95% CI, 69%-80%; Figure 2A ). However, CD4 + count may not always be available, so we added BMI alone to the WHO screen model, which gave an AUC of 71% (95% CI, 66%-76%; Figure 2A ). Among those on ART, adding BMI, CD4 + count, and duration of ART <3 months or more improved discrimination of the WHO screen model by 11%, AUC of 70% (95% CI, 60%-79%; Figure 2B ). Addition of BMI alone to the WHO screen improved the AUC to 69% (95% CI, 61%-78%).
DISCUSSION
In this large cohort of pre-ART and on-ART HIV-infected individuals, the WHO symptom screening algorithm had a negative predictive value of >90% but lower sensitivity than reported for clinics in high-tuberculosis-prevalence settings [1] . Figure 1 . Study flow and numbers in analysis. Standards for reporting diagnostic accuracy studies were adhered to (STARD) [27] . Abbreviations: ART, antiretroviral therapy; TB, tuberculosis; WHO, World Health Organization.
A negative predictive value >90% does not mean symptom screening is a useful way to rule out tuberculosis, as illustrated by the fact that most participants with culture-confirmed tuberculosis in our cohort had none of the 4 tuberculosis symptoms. Posttest probabilities of disease therefore remained high. A novel feature of our study was the assessment of the performance of symptom screening by ART status, with lower sensitivity (23.8% vs 47.6%), but higher specificity (94.4% vs 79.8%) in the on-ART compared with the pre-ART group. The sensitivity of symptom screening at the initial baseline visit was most reduced among those on ART when the traditional cough ≥2 weeks duration was used rather than cough of any duration as used in the WHO algorithm. Addition of BMI to the WHO symptom screen significantly improved discriminatory ability in both ART groups, which was marginally further improved by adding CD4 count. Consistent with some studies from sub-Saharan Africa, the prevalence of previously undetected culture-confirmed tuberculosis was high at 5.4% and 13% in the on-ART and pre-ART groups, respectively [2, 3, [21] [22] [23] [24] . In the recent WHO-led meta-analysis, symptom screening had higher sensitivity (90.1% in clinical settings [1] ) than we found. A likely explanation for the lower sensitivity of symptom screening in our cohort is that the clinic where our study was conducted practices active case finding, therefore prior screening for tuberculosis symptoms would likely have been carried out on patients evaluated for the study. Prior screening has a marked effect on the sensitivity of the WHO algorithm. In the WHO meta-analysis, patients from studies where prior screening was not conducted were associated with >10-fold increase in the odds of a truly positive WHO screen result compared with patients from studies where prior screening had been conducted [8] [9] [10] .
Our study had some limitations. First, as discussed above, prior screening of our participants may have affected the performance of the WHO symptom screen. Our results will be generalizable to clinic settings where regular active case finding is implemented, as recommended by WHO, but not to other settings where prior tuberculosis screening has not been done. Second, the new suggested WHO symptom screen was applied retrospectively; as a result, we included weight loss as either self-reported or documented. This limits generalizability of our results to settings that consider self-reported or documented weight loss when actively screening patients for disease. Third, we only performed one sputum culture at baseline and chest radiography was not part of screening. Confirmation with a second culture is desirable, especially in asymptomatic participants in whom higher false-positive results are to be expected. However, false-positive cultures were unlikely in our study as the laboratory had no cross-contamination in a survey carried out during the study period. The evidence for the additional contribution of chest radiography in evaluating individuals prior to IPT remains limited [1] . Last, we conducted a complete case analysis excluding 661 participants with missing data (Figure 1 ). About half were excluded for missing sputum culture results. This might have underestimated the positive predictive value of symptom screening, but the discriminatory ability of the multivariable model will unlikely be affected by missing predictors as the proportions missing were small. Those with missing data were not different from those in the final analysis with respect to proportions on ART or other predictors of tuberculosis. Our finding that symptom screening had poor sensitivity, especially for those on ART, in an HIV clinic practicing regular tuberculosis symptom screening has important public health implications. Based on a few studies of individuals who were not on ART, asymptomatic patients with M. tuberculosis on sputum culture may progress to symptomatic disease [10, 11, 21, 25] . The degree to which ART modifies progression of such asymptomatic cases is currently unclear. However, frequent screening may not be performed because patients often have long intervals between clinic visits (eg, those stable on ART and those not yet qualifying for ART), or because clinics may omit screening as they are often overburdened. Furthermore, using the WHO symptom screen prior to giving IPT in clinics practicing regular screening would inadvertently place a significant proportion of patients with tuberculosis on isoniazid monotherapy, which may result in isoniazid resistance. Of total culture-confirmed cases in the on-ART and pre-ART groups, 76.2% and 52.4%, respectively, would inadvertently receive IPT and there was a 9.1% and 4.4% posttest probability of culture-positive tuberculosis among the WHO screen-negative individuals in the pre-ART and on-ART groups, respectively. The WHO recently recommended IPT implementation for patients on ART in highburden countries as it is perhaps easier to add isoniazid to patients on other therapies who are being regularly followed up than to implement IPT in patients not yet qualifying for ART. Yet patients on ART appear to be at particularly high risk of being asymptomatic with positive sputum cultures. Consideration of BMI and/or CD4 count would improve the ability of the WHO symptoms screen to discriminate those with and without tuberculosis. Further studies are necessary to develop more sensitive methods to rule out tuberculosis, especially for patients on ART prior to giving IPT. The role of new diagnostics such as the urine lipoarabinomannan lateral flow and Xpert® MTB/RIF assays in evaluating patients ahead of IPT also needs to be explored [26] .
In conclusion, our study demonstrates that the WHO symptom screen has poor sensitivity, especially in the on-ART Figure 2 . Value of additional predictors to the World Health Organization (WHO) screen in pre-antiretroviral therapy (ART; A) and on-ART (B ) participants. A, Pre-ART group: WHO screen only area under the curve (AUC) = 64% (95% confidence interval [CI], 58%-69%); WHO screen and body mass index (BMI) = 71% (66%-76%); WHO screen plus BMI and CD4 + count AUC = 74% (95% CI, 69%-80%). B, On-ART group: WHO screen only AUC = 59% (95% CI, 53%-66%); WHO screen plus BMI and ART duration AUC = 69% (95% CI, 61%-78%). WHO screen plus BMI, CD4 + count, and ART duration AUC = 70% (95% CI, 60%-79%).
group, in a clinic where regular tuberculosis screening is practiced. Discriminatory ability of symptom screening was improved by adding CD4 count and/or BMI. Until more sensitive methods of ruling out tuberculosis are established, it would be prudent to do a sputum culture prior to IPT when this is feasible.
Notes
